, and central obesity determined by waist circumference, waist-to-hip ratio (WHR), and waist-to-height ratio. Results: Women, as compared to men, had markedly lower concentrations of 25(OH)D. Applying the cut-off point of serum 25(OH)D levels at 50 nmol/L, the prevalence of vitamin D deficiency in the study population was 87.5%; this was higher than the rates reported for the British, and European-, Hispanic-, and African-Americans. At a BMI cut-point of ≥30 kg/m 2 , the prevalence of obesity was 14.6%; this was lower than the rates reported for European-, Hispanic-, and African-Americans. Levels of 25(OH) D increased relative to age and obesity. WHR was the main predictor of 25(OH)D levels. Conclusion: The striking vitamin D deficiency seen in the study population, relative to more northerly populations, may be linked to sun avoidance, inadequate dietary vitamin D, and virtual non-intake of supplemental vitamin D. Age and male-gender determined the status of vitamin D and of obesity. 
V itamin D consists of D 2 (ergocalciferol) and D 3 (cholecalciferol), the former is naturally synthesised from ergosterol by invertebrate fungi in response to ultraviolet B (UVB [280-315 nm]) irradiation, and the latter's synthesis is exclusively initiated in the skin of vertebrates also in response to the UVB irradiation. During sunlight exposure, UVB photons are absorbed by cutaneous 7-dehydrocholesterol, yielding pre-cholecalciferol, which rapidly rearranges to vitamin D 3 .
1 Vitamin D 3 synthesis reaches an equilibrium after several minutes, depending on numerous factors including conditions of sunlight (latitude, season, cloud cover, altitude), age, and skin pigmentation. 3 This enzyme is also present in a variety of extra-renal sites, including osteoclasts, and the skin, colon, brain and macrophages, which may be the cause of its broad-ranging effects. 3 Levels of 25(OH)D largely reflect the amount of vitamin D 3 produced in the skin, or the vitamin D 2 or D 3 ingested. 4 Research has shown that 25(OH)D is also the major circulating form of vitamin D that is measured to determine a person's vitamin D status because it has a half-life in circulation of 3 weeks and correlates with rickets, osteomalacia, and secondary hyperparathyroidism. 5 Vitamin D deficiency is implicated as a cause of osteoporosis, cancer, cardiovascular disease (CVD), diabetes mellitus, and multiple sclerosis (MS), among other conditions. [6] [7] [8] [9] Vitamin D deficiency has been linked to obesity and central adiposity. 10 Body mass index (BMI), an indicator of relative weight for height, is frequently used to assess excess body fat, but does not adequately discriminate between body fat and lean body mass. 11, 12 Visceral adiposity, or intra-abdominal obesity, reflects central body fat distribution and has been suggested as a better marker of obesity risk. [11] [12] [13] [14] Anthropometric indices used as a substitute for evaluation of central body fat distribution are waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR). [11] [12] [13] [14] This baseline study aimed to measure serum concentrations of 25(OH)D to assess vitamin D status, and consequently to determine anthropometric indices to assess global obesity and central adiposity in a study population of healthy Omani men and women.
Methods
Oman is situated in the northern hemisphere, 21° north of the equator. The study was carried out from November to March 2010, when the average temperature is 25° C and skies are mostly clear and sunny. BMI was obtained by dividing the weight by the square of the height. For hip circumference (HC), the participants stood erect with feet together. HC was then measured to the nearest 0.1 cm as the maximal circumference over the buttocks, with the tape position horizontal all around the body. WC was measured at a level midway between the lower rib margin and the iliac crest, with the measuring tape all around the body in a horizontal position and recorded to the nearest millimetre. WHR and WHtR were calculated and recorded as the ratio of the WC to the HC, and the ratio of WC to height, respectively. A BMI ≥30 kg/m 2 was used as the cutoff point for determining global obesity in both genders. For central adiposity, the cut-off points were WC ≥94 cm in men and ≥80 cm for women, and a WHR ≥0.90 in men and ≥0.85 in women. 14 In both genders, a general cut-off point of ≥0.5 for WHtR was used. 12 The samples were taken as follows: venous blood samples were withdrawn into evacuated plain tubes and kept in the dark to clot. They were centrifuged and sera were separated into 1.0 ml capacity Nalgene® cryogenic vials (Nalge Nunc International, Rochester, New York, USA), capped, wrapped in aluminum foil to protect from light, and stored at -80° C, pending assay for 25(OH)D concentrations within a month.
The serum concentrations were measure by high-performance liquid chromatography (HPLC). The method used in the current study was modified from the method of Turpeinen et al. 15 Duplicate samples that had been frozen only once were measured. Briefly, 500 μL of serum or Serum creatinine concentrations were measured by an enzymatic assay on a Roche Cobas c 111 System (Roche Diagnostics Ltd., Rotkreuz, Switzerland). The intra-and inter-assay CV (%) for Biorad level I were 1.9 and 2.3, respectively; level II were 0.7 and 1.1, respectively, and level III were 1.2 and 1.5, respectively.
Statistical analyses were done as follows: the Gaussian distribution of all data sets was confirmed by the one-sample Kolmogorov-Smirnoff test and by histogram plots, followed by presenting all data as mean ± standard deviation (SD). An independent sample t-test was used to differentiate between two mean groups. Multiple comparison analyses were performed using Scheffe post hoc tests to determine differences between the mean of 3 or more groups. The association between 25(OH)D concentrations and anthropometric measurements were assessed by Pearson correlation. Stepwise linear regression was used to determine which anthropometric index was the main predictor of serum 25(OH)D levels. Probability values were two-tailed and P <0.05 was considered significant. All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS), Version 17.0 (IBM, Inc., Chicago, Illinois, USA). Table 1 shows the participants' responses to the questionnaire items on their intake of dietary and supplemental vitamin D. In decreasing order of intake were fish (51%), cheese (43.2%), laban (a salted yoghurt and water drink) (36.9%), milk (8.3%), and vitamin D supplements (5.3%). Data comparison by gender for age, weight, anthropometric indices, 25(OH)D, and creatinine concentrations are detailed in Table 2 . All the values were significantly higher in men than in women.
Results
The prevalence of vitamin D deficiency, global obesity, and central adiposity calculated from the respective cut-off point values are represented in Table 3 . There was a higher percentage of low concentrations of 25(OH)D in women than in men at the 3 cut-off point values of <25, <50, and <75 nmol/L. Global obesity at the BMI cut-off point value of ≥30 kg/m 2 was more prevalent in men than in women. The prevalence of central adiposity at cut-off point values of a WC >102 in males (M) and >88 in females (F); a WHR >0.9 M, >0.88 F, and a WHtR >0.5 M/F were all significantly higher in men than in women.
Serum concentrations of 25(OH)D, performed in winter at different latitudes, are presented in Table 4 
Discussion
Research suggests that vitamin D 3 , because it binds more tightly than D 2 to vitamin D receptors, has a longer half-life and is more potent in raising and maintaining vitamin D blood levels. 22 According to responses to the questionnaire [ Table 1 ], the Omani study subjects ate a considerable amount of fish, including tuna and sardines, but not the was lower than the mean (54.0 nmol/L) reported by a global meta-analysis of 394 studies. 26 The mean serum 25(OH)D concentration (28.2 nmol/L) measured in the Omani women was lower compared to the mean values (56.0, 60.0, and 49.5 nmol/L, respectively) reported for women in Miami, Boston, and Norway [ Table 4 ]. 16, 17, 21 The mean serum creatinine values of the study population was normal, indicating unimpaired renal synthesis of 1,25(OH) 2 D.
The current study determined the prevalence of vitamin D deficiency in the Omani study population by applying 3 recommended cut-off point values of serum 25(OH)D. The first cut-off point was ≥25 nmol/L which is considered sufficient to prevent the severe hypovitaminosis D that leads to a softening of bone tissue, manifesting as rickets in children and osteomalacia in adults. 27 The second is that an absolute minimum 25(OH)D of 50 nmol/L is necessary to support and maintain all the actions of vitamin D on bone and mineral health. 3 The third is that newer data showing associations of vitamin D status and the prevalence of several diseases such as CVD, hypertension, colon and breast cancers, and MS, as well as involvement of vitamin D in muscle strength and immune functions, indicate that the target levels of 25(OH)D should be 75-100 nmol/L at the minimum. 3 The prevalence of vitamin D deficiency at serum 25(OH)D at <25, <50, and <75 nmol/L were 39.0%, 87.5%, and 98.5% in the overall study sample; 23.8%, 81.6%, and 97% in the men, and 52.4%, 93.1%, and 100% in the women, respectively [ Table 3 ]. These values are higher than the prevalence of 15.5%, 46.6%, and 87.1% reported by a British study. 19 The observed vitamin D deficiency in the Omani study sample could be the consequence of sun avoidance habits, inadequate intake of dietary vitamin D, and the virtual absence of supplemental vitamin D tablets. The strikingly lower levels of 25(OH)D observed in the Omani women could be attributed to the mentioned consequences and further compounded by the use of sunscreen and dressing in clothing that allows exposure of only the face. There were no veiled females in this study. Clothing impedes cutaneous vitamin D 3 photosynthesis; generally, the higher the thread per square inch, the more light attenuation produced. 28 The higher the sun protection factor of sunscreen, the more blockage of solar UVB cutaneous synthesis of vitamin D 3 .
23
The current study evaluated anthropometric indices, noting that the men were heavier and had higher values of these indices than the women [ Table 2 ]. BMI is commonly used as an indicator for generalised or global obesity. 29 The prevalence of global obesity at a BMI cut-off point of ≥30 kg/ m 2 was 14.6% in this study population [ Table 3 ]; this was lower than the reported prevalence for whites (23.7%), Hispanics (28.7%), and blacks (35.7%) in America. 29 The indices of abdominal obesity (WC, WHR, and WHtR) are considered to be better determiners of the risk of CVD than BMI. 12 The cut-off points used to determine the prevalence of central obesity in the Omani study sample were WC >102 cm for men and >88 cm for women, a WHR >0.9 for men and >0.85 for women, and a general cut-off point of >0.5 for WHtR. 12, 14 Central obesity synonymous with visceral adiposity or abdominal obesity (abnormal WC, WHR, and WHtR) was much more prevalent in men than in women [ Table 3 ]. Visceral fat is located in the peritoneal cavity and is composed of adipose depots including mesenteric, epididymal white adipose tissue, and perirenal fat. Excess visceral fat is a lipid overflow ensuing from a defect of adipose tissue to clear and store the excess triacylglycerols from over-eating and a lack of physical activity. 12 The current study further observed that central adiposity indices and not BMI were strongly associated with serum 25(OH)D concentrations [ Figure 1 ], a finding inconsistent with previous reports that serum levels of 25(OH)D were inversely associated with WC and visceral adipose tissue. 10, 29, 30 The discrepancy between the current study and those studies may be linked to the size, age, and health status of the different study populations. The current Omani study population was small, apparently healthy, and relatively young (≤55 years), which may not be the case for the populations of the previous studies. 10, 29, 30 Among the anthropometric indices evaluated in the current study, WHR emerged by stepwise linear regression as the main predictor of serum 25(OH)D levels.
There was an age-related increase of serum levels of 25(OH)D in the current study [ Figure  2 ], which was in accord with the global study's findings. 26 However, this study's finding did not conform with suggestions that cutaneous vitamin D synthesis diminished with age (≥65 years), possibly because the Omani study population was relatively young (≤55 years). 4, 27 As this study was done in the winter months of November to March, it was deemed fitting to compare serum 25(OH)D values of the study population domicile in Oman (21° N) with summer values of 25(OH)D for populations dwelling in more northerly latitudes such as Miami (26° N) and Boston (42° N) in the USA, Calgary (51° N) in Canada, Great Britain (50-60° N), Denmark (56° N), and Norway (68° N), which experience summers similar to the Omani winter. [16] [17] [18] [19] [20] [21] An Omani winter is almost always cloudless and sunny with an average ambient temperature of 25° C. Apart from Miami, the other cities at the more northerly latitudes have more cloud cover, which impedes UVB cutaneous penetration for vitamin D 3 synthesis. Most UVB photons from the sun are absorbed by stratospheric ozone. An increase in the sun's zenith angle results in an increased path length for the UVB photons to travel, and this explains why at higher latitudes (>~35° N), very little, if any, vitamin D 3 is produced in the skin from November through March. 2 Ironically, the mean serum 25(OH)D values of this study population of Omanis were lower than values reported for the populations domiciled in upper latitudes [ Table 4 ]. A possible explanation is that those populations were more likely to consume diets richer in vitamin D 3 as well as regularly take supplemental vitamin D 3 . Also, the dress habits of populations in more northerly latitudes allow more skin exposure to sunlight than those of Omanis. Overall, serum concentrations of 25(OH)D reported both for those from more northerly latitudes and Omanis were deficient relative to the recommended cut-off point optimum of ≥75 nmol/L. 3 
Conclusion
In conclusion, the findings of this study are of great importance in, for example, later development of postmenopausal osteoporosis; particularly, the low level of vitamin D 3 in women is worthy of attention. Furthermore, correction of low plasma 25(OH)D concentrations can be attained only if people increase the safe, moderate exposure of skin to ultraviolet light; suitable increases in food fortification with vitamin D 3 , and the provision of higher prescribed amounts of vitamin D 3 in supplements.
